In this paper, the laser floating zone (LFZ) technique has been used to fabricate 
Introduction
Just after the discovery of superconductivity in copper-based oxides, great efforts have been made in order to find the basic parameters which are responsible for the superconducting properties of these compounds [1, 2] . Among high-T c superconducting (HTS) systems, Bi-based cuprates deserved special attention owing to their promising chemical stability, absence of rare earths, relatively high critical temperature and, when properly processed, high critical current density.
From the point of view of technological applications, preparation techniques of superconducting materials are so important as the material type. When the currentcarrying capacity of the material is regarded, it is seen that the major limitations come from intergrain weak links and weak flux pinning capabilities for the superconducting materials. Oriented grains together with artificially doped structures have been considered to be effective solutions to overcome these limitations. Within this scope many different techniques have been developed so far to obtain materials with highly aligned grains [3] [4] [5] [6] . Of all these techniques, the Laser Floating Zone (LFZ) technique has been shown to be an outstanding technique in terms of grain alignment, reproducibility, speed, and cost. This technique has been successfully applied so far for the high-T c superconductors, especially for the Bi-2212 phase, as well as on similarly layered materials such the thermoelectric oxidic ceramics [7] [8] [9] [10] . Materials produced by this technique are nearly free of low angle grain boundaries, allowing J c-trans values as high as 5500 A/cm 2 at 77 K [11, 12] .
In order to increase the impact of this technique in the superconducting materials processing and use it in the most effective way, the influence of several fundamental parameters like pulling and feeding speeds, laser type and power, growing atmosphere, rotation rates between feed and seed rods, as well as precursor powder stoichiometry on the alignment and homogeneity of as-grown fibers were investigated deeply in different studies so far [13, 14] . Although large numbers of studies have been devoted to improve the LFZ growth parameters, doping in the LFZ grown superconducting fibers has attracted less interest [15] .
In this study, structural and magnetic properties of LFZ powders. The weighed powders in adequate atomic proportions were ball-milled using agate balls and acetone for 30 minutes at 300 rpm to obtain a homogeneous mixture. The resulting suspension was dried using IR radiation in order to evaporate the maximum amount of acetone. The resulting mixture was placed in a furnace and heated slowly to 750 ºC, where it was kept for ca. 12 h, followed by furnace cooling. After cooling, the remaining powder was manually ground and heated again at 800 ºC for 12 h, milled and isostatically pressed at ca. 200 MPa in form of cylinders (1.5-3 mm diameter and 120 mm long).
The obtained cylinders were subsequently used as feed in a directional solidification process performed in a LFZ installation described elsewhere in detail [17] . The textured bars were obtained using a continuous power Nd:YAG laser (λ = 1064 nm), under air, at a growth rate of 30 mm/h and a relative rotation of 18 rpm between seed and feed. As Bi-2212 compounds melt incongruently, after laser processing, the rods need a final thermal treatment to produce the Bi-2212 phase as the major one. This annealing process consisted of two steps: 60 h at 860 ºC, followed by 12 h at 800 ºC and, finally, quenched in air to room temperature.
Phase analysis of all samples was performed by powder XRD utilizing a Rigaku RadB X-ray powder diffractometer (CuKα radiation) with 2θ ranging between 5 and fibers, both as-grown and annealed, were studied on polished longitudinal crosssections by using LEO EVO-40XVP scanning electron microscope (SEM) equipped with a Bruker energy dispersive X-ray spectroscope (EDX) having a sensitivity up to 125 eV.
Magnetic measurements were performed in a Quantum Design PPMS (9 T) for fields applied parallel and perpendicularly to the growth axis. The magnetic hysteresis cycles were performed at different temperatures (5, 15, 25 K) and the magnetic critical current density was then estimated using Bean's model. T c values were determined from dc magnetization measurements of samples. phase [18] . SEM/EDX investigations of these annealed rods indicated that annealing produces the Bi-2212 phase as the major one in the inner part of the rods while for the outer part there still exist some Bi-free and CaO phases in relatively high amounts. There is still a probability to find all these phases in the annealed rods, but the main difference is related to the concentration and distribution of these phases. Diamagnetic properties of the rods indicate they are more resistive when the external field is applied parallel to the rods axis than in the perpendicular direction.
Results and Discussion
On the contrary, the magnetization values are higher when the field was applied perpendicular to the growth axis. These effects are the consequence of the shielding currents paths, which generate the opposite field to provide zero net flux within the rods. For the perpendicular applied field, big portion of these currents flows through the growth axis with small deviations depending on the sample geometry. For the parallel applied field, it has been assumed that nearly all current flows perpendicular to the growth axis. Therefore, approximately 2-3 times larger widths of loops for the perpendicular case with respect to parallel applied field are another indication of the alignment of the grains with respect to the growth axis.
When the influence of doping ratios on magnetization is regarded, it has been seen that weakening effect of iron doping on magnetic properties of the rods felt more in the perpendicular orientation than the parallel one. This could be explained with the worsening effect of doping on grain alignment with the growth axis.
Similarly, critical current densities of the rods, J cmag , calculated by using Bean's critical state model, with the formula J cmag = 30. ∆M/d, gave the same anisotropy for the fields applied from the two different directions [19] . In this formula, ∆M is the width of the magnetization loop at the applied magnetic field and d is the diameter of the cylindrical sample, assuming supercurrents flow within the entire sample. As seen in Fig. 5 , the J cmag (T) curves follow an exponential T dependence over the whole temperature range. For the pure sample, J cmag was found to be 3×10 Table 1 . 
